Apolipoprotein C-II amyloid fibrils assemble via a reversible pathway that includes fibril breaking and rejoining.
Alzheimer's and several other diseases are characterized by the misfolding and assembly of protein subunits into amyloid fibrils. Current models propose that amyloid fibril formation proceeds via the self-association of several monomers to form a nucleus, which then elongates by the addition of monomer to form mature fibrils. We have examined the concentration-dependent kinetics of apolipoprotein C-II amyloid fibril formation and correlated this with the final size distribution of the fibrils determined by sedimentation velocity experiments. In contrast to predictions of the nucleation-elongation model, the final size distribution of the fibrils was found to be relatively independent of the starting monomer concentration. To explain these results, we extended the nucleation-elongation model to include fibril breaking and rejoining as integral parts of the amyloid fibril assembly mechanism. The system was examined under conditions that affected the stability of the mature fibrils including the effect of dilution on the free pool of monomeric apolipoprotein C-II and the time-dependent recovery of fibril size following sonication. Antibody-labelling transmission electron microscopy studies provided direct evidence for spontaneous fibril breaking and rejoining. These studies establish the importance of breaking and rejoining in amyloid fibril formation and identify prospective new therapeutic targets in the assembly pathway.